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Abstract
This paper deals with the failure analysis of the upper mount of a front McPherson suspension system. The failure of
this component is very rare. In the considered case, the component has been employed by the manufacturer for many
years without any known failure. An in-depth analysis has been completed in order to understand the causes of the
unusual failure. From a metallographic analysis of the damaged component, no crack propagation can be observed.
The load acting on the suspension during dynamic maneuvers and passing over severe road irregularities have been
investigated both numerically and experimentally. The structural analysis of the component has shown that the failure
is due to a very high impulsive load not related to the normal use of the vehicle.
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1. Introduction
The failure of a structural component of a car suspension is a very rare event and it can cause dramatic
accidents with unpredictable dynamics and tragic consequences. In this paper, the failure analysis of the
upper mount of a McPherson suspension, found damaged after an accident, has been performed in order to
understand the causes of such a rupture. In particular, it is of paramount importance to asses if the rupture
has been the cause of the accident or if the accident has caused the rupture. It is obvious that in the first
case a safety problem is related to the considered vehicle and the manufacturer should re-design the
component and, eventually, substitute the component in all the existing cars. Regarding the component
under analysis, it has to be emphasized that the manufacturer has used it for many years, without any
report of premature failure.
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A metallographic analysis of the damaged component has pointed out that the fracture surfaces do not
show any trace of crack propagation, but a brittle fracture has been detected. The component has been
realized by using an aluminum alloy A357, thus a brittle fracture can show a failure due to a high
impulsive load.
In the following sections, the causes of this impulsive load are researched. Experimental tests and
numerical simulations have been carried out to find the loads acting on the component during the life of
the vehicle and to estimate the value of the ultimate load for the component.
2. Experimental tests on the upper mount
Some experimental tests have been realized on the component, both indoor and outdoor. The indoor
tests have been realized in order to define the static resistance of the component. The outdoor tests have
the aim of finding the impulsive load acting on the component when the wheel passes over very severe
obstacles. For both tests, the upper mount has been instrumented by means of strain gauges rosettes [7]
positioned as shown in fig.1. The strain gauges rosette is compensated for aluminum alloy (type HBM 1-
RY13-6/120) and the signals have been acquired by using a SPIDER 8 HBM system with accuracy class
0.1 and acquisition frequency 200 Hz. The acquired signals have been filtered by using a low pass filter
with a cut-off frequency 80 Hz.
Fig. 1. Strain gauges rosette applied to the central part of the upper mount (see fig. 4)
2.1. Indoor tests
A compression test of the upper mount of the suspension has been realized by using a uniaxial test
machine. The damper of the suspension has been rigidly connected to the fixed part of the machine, while
the upper mount has been connected to the crosshead by means of a single axis load cell (see fig.2). The
displacement of the crosshead and the resulting force are reported in fig. 2. To measure the relative
displacement of the central part of the mounting with respect to its external part (parts A and B of fig.4
respectively), a contactless laser measurement has been performed.
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Fig. 2. Upper mount during a compression test and measured load.
2.2. Outdoor tests
The upper mount of a vehicle similar to the one involved in the accident has been instrumented as
previously described. The instrumented vehicle has been used to evaluate the effects of the impact with a
the obstacle shown in fig. 4. The obstacle is representative of passing over a sidewalk. The impact speed
of the vehicle is of 33±2 km/h.
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Fig.3. Left: obstacle geometry. Right: measured strains during a single passage at 33±2 km/h (for strain gauges labels see fig.1).
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The geometry of the obstacle and the test speed are extremely severe. A simple quarter car model of
the vehicle has been used to estimate the force acting on the suspension [1,8]. According to this model, in
this situation, extremely high loads, larger than 20kN, are estimated to be acting on the upper mount.
The measured maximum strains are 1500 ȝİ for the strain gauge A, 2220 ȝİ for B and 2050 ȝİ for C
(the strain gauges are labeled according to fig.1). The principal strains can be computed as 2670 ȝİ, 880
ȝİ and -1520 ȝİ. By considering a elastic modulus of 70000 MPa, the maximum stresses can be estimated
as 226 MPa and 129 MPa, being the third principal stress null. The equivalent Von Mises stress is 196
MPa. These values of stress are compatible with the material of the central part of the mount (A357,
Rm=310 MPA, Rs=270 MPa). After the test, no visible damage or deformation was detected on the
mount.
3. Finite Element model of the component
A section of the upper part of the mount is shown in fig.4 left. The central part of the mount (part A) is
connected to the damper of the suspension (not reported in the figure, see fig.2 left). For usual amplitudes
of the motion of the damper, the damping force is transmitted to the mount by the damper rod. For large
motions, a rubber stopper is present between the damper and the central part of the mount (fig.5 left). The
motion between the central part of the mount and the external part (part B) is allowed by the rubber
element connecting the two parts (part C). The same rubber element (part D) has also the function of
limiting the displacement between the two parts (a and B) for high values of load.
In fig.4 right, the FE model of the mount is shown. The model is complex due to the presence of rubber
between the central and external part of the mount and by the presence of the rubber bump stop between
the central part and the damper. The rubber element between the central part and the external part has
been modeled by a simple Neo Hook model [2-6]. This material model has been chosen due to the relative
small deformation of this region and because no material information were available. The equivalent shear
modulus has been set to 0.78 MPa.
Fig. 4. Right: section of the upper mount of the suspension. A: central part (A357). B: external part (steel). C: rubber. D: rubber
stop. Left: FE model of the component, different colors refer to different materials.
For the rubber bump stop between the mount and the damper, a dedicated FE model has been realized.
The model is shown in fig. 5. Given the axial symmetry of the component and of the load, an
axisimmetric model has been constructed. The chosen material model is again a Neo Hook model [2-6],
even if quite large deformation are expected, because no information were available on the material. The
equivalent shear modulus has been set to 0.5 MPa. The central part of the mount and the upper part of the
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damper have been modeled by means of rigid surfaces. The upper part of the damper moves vertically and
it compresses the rubber bump stop. A contact has been defined between the rubber bump stop and the
rigid surfaces. A self contact boundary condition has been applied to the surface of the bump stop.
Fig. 5. Right: 3d model of the bump stop. Centre: FE model of the rubber bump stop. Left: deformed configuration of the rubber
bump stop for an axial load of 3500N
Fig. 5 right shows the deformation of the bump stop for a vertical load of 3500 N. In fig. 6 the profile
of the contact pressure between the bump stop and the central part of the mount is shown. The pressure is
quite constant in the upper part of the bump stop up to about a vertical (y) coordinate equal to 145 mm.
For points located at lower coordinates, the contact pressure has a quite complex profile. To apply the
pressure profile to the central part of the mount in the complete model, the following simplification has
been adopted. The pressure profile has been considered constant for points with vertical coordinate higher
than 145 mm. For points with lower vertical coordinate, the pressure profile is constant but equal to half
of the value of the previous region (black line in the fig.6).
Fig. 6. Normal pressure profile (green) at the interface between the rubber stopper and the central part of the mount (red line). The
simplified pressure profile used in the complete model of the mount is shown in black.
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4. Validation of the Finite Element model
The compression test realized on the actual component has been simulated. In fig. 7 left, the force-
displacement curves are shown for the experimental data and the numerical simulation. The agreement
between the model and the experiment is satisfying. Both the experimental data and the numerical
simulation show a change in the slope of the curves around 4.5 mm of displacement. The change of slope
is due to the contact between the central part of the mount (part A, fig.4) and the external part (part B,
fig.4).
In fig. 7 right the computed deformation on the strain gauges are compared with the measured
deformation. The model is able to correctly compute the deformation after the contact with the rubber
bump stop. In the first part of the curves, the differences are due to the simplified internal pressure model
applied on part A (see fig. 6).
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Fig. 7. Left: applied force as function of the displacement. Right: deformations as function of the displacement. Continuous line:
numerical simulations. Dashed line: experimental data. A, B, C refer to the strain gauge as labeled in fig.1.
5. Simulation results
The FE model has been employed for the computation of the stresses on the component when a force
of 20 kN is applied. This load is the estimated load for a passing over the severe obstacle of section
2.2.The force can be applied to the central part of the mount (part A) in two different ways, through the
bump stop or through the rod of the damper. The way in which the force is transmitted to the mount
depends on the actual displacement of the suspension. In general, part of the force is applied through the
bump stop and part through the rod of the damper. In fig.8 and in fig.9, the computed Von Mises stress on
the central part of the mount (part A) for the two limit situations are reported (force through the bump stop
and force through the rod of the damper respectively). The full scale is the yield stress of the material.
In both scenarios, the zone near the surfaces where there is the contact with the rubber stoppers (part
D) connected to the external part of the mount (part B) reaches relative high level of stress with a safety
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coefficient of 1.2 with respect to the yield limit of the material. In case the force is applied through the rod
of the damper (fig.9), also for the upper part of part A a safety coefficient of 1.2 is computed.
From the analysis of these two limit situations, it can be concluded that the component is well design
also for extremely severe ride conditions, thus the rupture must have been caused by unpredictable loads
generated during the accident.
Fig. 8. Von Mises stress on the central part of the mount (part A of fig. 4), force applied through the stopper.
Fig. 9. Von Mises stress on the central part of the mount (part A of fig. 4), force applied through the rod of the damper.
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6. Conclusion
The failure analysis of an upper mount of a McPherson suspension has been approached both
numerically and experimentally. The analysis of the failure surfaces has shown a brittle fracture without
any sign of crack propagation. Particular care has been devoted to the analysis of static strength of the
component.
Experimental tests, both indoor (on the component) and outdoor (on the vehicle), have been realized in
order to estimate the load acting on the component and its state of stress. A FE model of the component
has been realized by considering the non linearities due to the rubber parts of the component and to the
high deformation of the bump stop between the mount and the damper. A dedicated FE model has been
realized to estimate the correct pressure profile acting to the central part of the mount due to the
deformation of the bump stop. The model has shown a good agreement with the experimental data.
As a result, the component has shown to be able to survive to very high forces, even during severe
impacts against obstacles. The failure of the component is a consequence of unpredictable huge forces
originated during the accident.
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